-As p a r t o f an overal I program concerned wlth lnvestlgatlng the factors underlylng heavy-metal Ion recognltion, we have developed strategies for observlng and maximizing dlscrlminatlon between t r a n s l t i o n and other heavy metal Ions o f Interest. One aspect o f our research program has been t o investlgate metal Ion complexatlon across a matrix (or p a r t o f a matrix) o f related mlxed donor macrocycles and t o search f o r s t a b l l l t y maxima a t d l f f e r e n t polnts o f the matrlx.
In another study, the e f f e c t on the metal Ion dlscriminatlon behaviour o f appending N-benzyl substituents t o the 17-membered O2N3 donor macrocycle (7) has been Investigated. Log K data f o r the l r l complexes o f t h l s Ilgand wlth Co(II), N I ( l l ) , Z n ( l l ) , C d ( I I ) , P b ( l I ) , and Ag(l) have been obtained I n 95% methanol. specles tend t o be much lower than those f o r the correspondlng parent (unsubstltuted) macrocycle. Indeed, f o r the f l r s t f i v e metals mentloned above, In contrast, f o r the Ag(l) complex o f t h l s species, the log K value Is 9.3.
Inspection o f a molecular model suggests t h a t t h l s hlgh s e l e c t i v i t y f o r Ag(l) may a r l s e because t h l s ion VrIggerstt a major llgand conformatlonal change t o produce a s t e r l c a l l y locked conforrnatlon I d e a l l y sulted f o r Ag(I).
In an extension o f these studies,
INTRODUCTION
The coordinatlon chemistry o f polydentate organic Ilgands has now been lnvestlgated f o r about a century.
In view o f t h l s It Is perhaps surprlslng t h a t It Is s t l l l often d l f f l c u l t t o p r e d l c t wlth confldence the r e l a t l v e bindfng preferences o f many such p a r t l c u l a r donor atom s e t present, the number and slzes o f the chelate rlngs formed, the f l e x i b l I I t y o f the system, the re1 a t l v e posltions o f the donor atoms and the nature of the ligand backbone (including the types o f substituents present). systems, the macrocycllc r i n g slze may be another Important parameter. Thus, compared t o t h e l r open chaln analogues, c y c l i c Iigands have addltlonal stereochemlcal constralnts r e s u l t l n g from t h e l r c y c l l c nature whlch may Influence metal-Ion blnding and hence thermodynamlc discrlmlnatlon.
These Include the For macrocycllc
There are advantages i n t h e use of mixed donor macrocycles f o r metal-ion r e c o g n i t i o n studies. s t a b i l i t y o f t e n e x h i b i t e d by, f o r example, Nq-donor systems. Secondly, w l t h c y c l i c systems s o l u t i o n speciation tends t o be simpler than f o r open chain Iigands; i n many instances, 1:l (metal:ligand) complex formation predominates. I t I s noted t h a t a range o f %Iass1caltt reagents already e x i s t which e x h l b l t s p e c i f i c i t y towards p a r t i c u l a r heavy metals; however, frequently t h e i r development has been l a r g e l y f o r t u i t o u s r a t h e r than t h e outcome o f a systematic program o f research.
F i r s t , t h e complexes do n o t show t h e extreme k i n e t i c and thermodynamic
Design strategies Over recent years, we have been concerned w i t h t h e development o f deslgn s t r a t e g i e s f o r new macrocyclic ligand systems which are able t o recognize p a r t i c u l a r t r a n s i t i o n and p o s t -t r a n s i t i o n metal ions ( r e f . 1 ) . An important aspect o f our approach has been t o use differences I n log K values as both a monitor and a c o n t r o l o f t h e organic s y n t h e t i c program. That is, s t a r t i n g from a p a r t i c u l a r macrocyclic The % a t r i x f l procedure enables t h e e f f e c t s of incremental s t r u c t u r a l v a r i a t i o n s on log K d i f f e r e n c e s t o be followed; t h i s very o f t e n leads t o a f u l l e r understanding o f t h e s u b t l e f a c t o r s c o n t r o l l i n g p a r t i c u l a r observed behaviour. o n l y been t o achieve metal-ion r e c o g n i t i o n (and/or d i s c r i m i n a t i o n ) b u t a l s o t o understand t h e nature o f such r e c o g n i t i o n when it I s observed.
Emphasis i n our studies has u s u a l l y been given t o f u l l e l u c i d a t i o n o f t h e r e l e v a n t metalion chemistry o f t h e Ilgand systems.
In p a r t i c u l a r , as well as thermodynamic (mainly log K ) measurements, formation and d i s s o c i a t i o n k i n e t i c s , X-ray and molecular mechanics have a l l contributed t o t h e tVuninglf process i n p a r t i c u l a r studies.
By reference t o i n d i v i d u a l studies, t h r e e features o f t h e use o f t h e above approach t o achieve metal ion r e c o g n i t i o n a r e now i l l u s t r a t e d . These involve t h e e f f e c t o f v a r i a t i o n o f ( 1 ) t h e donor atom s e t present, o f ( 1 1 ) t h e macrocyclic r i n g size, and o f ( I l l ) t h e I igand s u b s t i t u t i o n pattern, on p a r t i c u l a r metal ion r e c o g n i t i o n and/or d i s c r i m i n a t i o n behaviour.

Thus t h e aim o f t h e studies has n o t DONOR A T O M SET D I S C R I M I N A T I O N Cu(ll) complexes
The e f f e c t o f donor atom v a r i a t i o n on complex s t a b i l i t y i s well i l l u s t r a t e d by t h e C u ( I I ) complexes o f (1)-(9) i n which t h e donor atom sequence i s systematically v a r i e d ( r e f . 2 ) . Stabi I I t y constants f o r t h e I : I copper complexes were determined i n 95% methanol and a summary o f t h e respective values i s given I n Fig. 1 2  2  2  2  2  2  2  2  2  2  3  2  2  3  2   2  2  2  2  2  2  2  2  2  4  3  2  2  3  4   2  H  2  H  2  H  2  H  2  H  2  H  2  H  2  H  2  H  2  H  2  H  4  H  2  CH3  2  H  2  H 02NZO 02N2S 02N3
. As expected, t h e s t a b i l i t i e s are q u i t e dependent on t h e donor atom s e t present -w i t h t h e values spanning 10 orders o f magnitude1 I t I s evident from t h e data t h a t t h e c o n t r i b u t i o n o f t h e respective donor atom types t o p a r t i c u l a r copper complex s t a b i l i t y f a l l s i n t h e order NH(alIphatlc
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Ag(l) and Pb(ll) complexes
Studies o f t h e i n t e r a c t i o n o f Ag(I) and P b ( I I ) w i t h Ilgands o f t h e t y p e J u s t discussed have a l s o been performed. C a l o r i m e t r i c i n v e s t i g a t i o n s o f t h e i n t e r a c t i o n o f s i l v e r n i t r a t e w i t h a number o f these macrocycles i n a c e t o n i t r i l e c l e a r l y demonstrated t h e marked preference o f a t h i o e t h e r over an ether donor f o r t h i s s o f t metal i o n ( r e f . 2). From t h e e n t h a l p i c data, It was deduced t h a t t h e s i l v e r -t h i o e t h e r a f f i n i t y I s comparable t o t h a t o f a secondary amine group f o r t h i s ion.
In agreement w i t h t h e above, I t i s apparent from t h e log K data given i n Fig. 2 t h a t s u b s t i t u t i o n o f a s u l f u r f o r an oxygen donor i n t h e 17-membered r i n g framework does r e s u l t i n t h e expected increase i n s t a b i l i t y f o r t h e s i l v e r complexes: moreover, a s i m i l a r enhancement does n o t occur f o r t h e complexes o f P b ( I I ) ( r e f . 4). Inspection o f t h e respective log K values indicates t h a t replacement o f a Nyfragment by an NpY-one (Y=O o r S) r e s u l t s i n a c o n s i s t e n t lowering o f t h e s t a b i l i t i e s o f t h e various P b ( I I ) species b u t has much less e f f e c t on t h e corresponding Ag(l) complexes. The l a t t e r e f f e c t , which aids t h e d i s c r i m i n a t i o n process, may be a r e f l e c t i o n o f t h e w e l l known a f f i n i t y o f Ag(I) f o r a *Illnear diamminell coordination geometry.
I n summary, both t h e above studies demonstrate t h e extremely large s t a b i l i t y d l f f e r e n t i a l s t h a t may be achieved solely through donor atom v a r i a t i o n w i t h i n a given Iigand framework. When used I n conJunction w i t h r i n g -s i z e v a r i a t i o n (see below), t h e combined procedures provide a p o t e n t i a l l y very powerful means f o r achlevlng metal-ion discrimination.
Hence t h e s t a b i l i t y d i f f e r e n c e between t h e complexes o f these metals w i t h t h e However,_-stpwise I n t h e case o f t h e ( t e r m i n a l ) S3Np-ligand system (51, a
R I N G SIZE VARIATION A N D DISLOCATION DISCRIMINATION
A mechanism f o r d i s c r i m l n a t i o n studied i n some depth by t h e author's group involves t h e occurrence o f ffdisIocatlonsff along a s e r i e s o f c l o s e l y r e l a t e d Iigands ( r e f s . 5-7). Such fldisIocationsfl occur when t h e gradual change o f p r o p e r t i e s along t h e Iigand s e r i e s induces a sudden change i n coordination geometry f o r t h e complexes o f adjacent Iigands.
The occurrence o f d i s l o c a t i o n behaviour a t d i f f e r e n t p o i n t s along a ligand s e r i e s f o r d i f f e r e n t metal Ions may form a basis f o r d i s c r i m i n a t i n g between these ions. we have expanded our i n i t i a l i n v e s t i g a t i o n s ( r e f s . 4 and 8) o f t h i s mechanism by extending t h e range o f mixed-donor Iigand systems used i n t h e study. The s u b t l e f a c t o r s underlying such d i s c r i m i n a t i o n have been elucidated using a combination o f s o l u t i o n equilibrium, k i n e t l c , nmr, molecular mechanics, and X-ray d i f f r a c t i o n techniques. The r e s u l t s have allowed a more complete evaluation o f s t r u c t u r a l Influences on t h e inducement o f d i s l o c a t i o n behaviour w i t h i n t h i s general category o f Iigand.
Ni(l1) complexes I n t h e previous study, t h e thermodynamic s t a b i l i t i e s o f t h e N i ( l 1 ) complexes o f t h e 17-t o 19-membered r i n g s (7), (10) and (11) were determined I n 95% methanol: t h e respective log K values along t h i s s e r i e s are 10.0, 9.8 and 6.4 ( r e f . 5). between t h e complex o f t h e 18-and t h a t o f t h e 19-membered r i n g appears greater than expected solely f o r t h e s u b s t i t u t i o n o f a six-membered c h e l a t e r i n g f o r a five-membered r i n g . Hence, t h e behaviour i s i n accordance w i t h a s t r u c t u r a l d i s l o c a t i o n having occurred between these complexes. Molecular mechanics and o t h e r evidence suggests t h a t t h e 17-and 18-membered r i n g complexes have s i m i l a r octahedral geometries i n which a l l donor groups o f t h e respective macrocycles coordinate and I n which t h e t h r e e n i t r o g e n donors are arranged f a c i a l l y .
I n each case one coordination s i t e appears t o be f i l l e d by a solvent molecule.
X-ray study shows t h a t t h i s occurs i n t h e complex o f (7) and a l s o confirms t h a t t h e t h r e e amlne donors i n t h i s specles are f a c i a l . In contrast, f o r t h e complex o f (111, t h e evidence suggests t h a t t h e amine donors a r e arranged meridionally.
From t h e molecular mechanics I n v e s t i g a t i o n s It I s evident t h a t t h e above d i s l o c a t i o n behaviour i s l a r g e l y associated w i t h s t e r i c crowding i n v o l v i n g t h e two 6-membered c h e l a t e r i n g s formed by t h e t h r e e amine donors o f (11).
t h a t a s l m l l a r dislocation was n o t observed between t h e complexes o f t h e 17-and 19-membered r i n g s t r u c t u r e s (7) and (12); however, two 5-membered c h e l a t e r i n g s ( I n v o l v i n g t h e NJ-chain) are r e t a i n e d i n t h e l a t t e r complex. That Is, I n t h i s species t h e 19-membered r i n g i s achieved by lncreaslng t h e number o f methylene carbons between t h e oxygen r a t h e r than between t h e amlne donors; i n t h i s case, t h e log K d i f f e r e n c e between t h e n i c k e l complexes o f (7) and (12) i s o n l y about 0.3. conclusion t h a t t h e coordination geometries adopted by t h e OpNydonor Iigand s e r i e s are l a r g e l y d i c t a t e d by s t e r i c f a c t o r s i n v o l v i n g t h e c h e l a t e r i n g s formed by t h e respective NJ-backbones.
Zn(l1) and Cd(1l) complexes
Based on t h e r e s u l t s o f a p r e l i m i n a r y i n v e s t i g a t i o n ( r e f . 61, an extensive s e r i e s o f studies i n v o l v i n g t h e Zn(I1) and C d ( l l ) complexes o f t h e 17-t o 19-membered macrocycles (7), (101, (ll), (13)-(15) a r e now complete ( r e f . 8). Fig. 3 summarizes t h e s t a b i l i t i e s o f a l l t h e 1:l species studied.
Recently,
The drop i n s t a b i l i t y Indeed, an
With respect t o t h i s , it Is s i g n i f i c a n t This r e s u l t thus supports t h e 
MACROCYCLE SUBSTITUTION AND DISCRIMINATION
In another investigation, oxygen-nitrogen donor macrocycles containing N-benzyl substitutents have been synthesized from the corresponding unsubstltuted c y c l i c species ( r e f . 9). Macrocycle (16) i s one such derivatlve. From X-ray data ( r e f . 10) and from inspection o f a molecular model, it i s clear t h a t the trlbenzyl substituents w l l l g r e a t l y r e s t r l c t the possible conformatlons able t o be adopted by (16) on coordlnatlon t o a metal Ion. Table 1 gives a comparison o f t h e respective values w i t h those f o r t h e parent (unsubstltuted) r i n g (7) . As expected, t h e s t a b i l i t i e s o f t h e complexes o f t h e s t e r i c a l l y hlndered Iigand a r e generally much lower than those f o r t h e unsubstituted parent ring; further, i n general, I i t That is, t h e model can be adJusted i n t o a form which locks t h e f i v e donors i n t o an approximately pentagonal arrangement w i t h a l l t h e donor atoms s u i t a b l y o r i e n t a t e d f o r coordlnatlon t o a c e n t r a l ion. interconversion o f t h i s t y p e w i l l tend t o be a high energy process and, once t h e l a t t e r conformation i s attained, t h e r e i s l i t t l e opportunity f o r t h e donor atoms t o vary t h e i r p o s i t i o n s f u r t h e r .
A process o f t h e t y p e Just described approximates t o metal ion induced tkonformational switching".
I n t h e present case, t h i s may be influenced by both t h e known moderate s t a b i l i t y o f Ag(I) t o ether bonds and posslbly a l s o by t h e induced c a v l t y s i z e being c l o s e t o t h e r a d i u s o f A g ( i ) . However, It i s stressed t h a t i n t h e absence o f s t r u c t u r a l data f o r t h e Ag(I) complex, t h e proposed mechanism must remain t e n t a t i v e .
Clearly, an
